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A m o r e  thorough study of the recent ly  descr ibed '  carbon te l lur ide 
(produced through evaporation by te l lur ium e lec t rodes ,  using an  a r c  
light i n  the p re sence  of ca rbon  disulfide) showed that  it was  always 
mixed with a s h a r p  smelling substance'K fo rmed  of sulfur and carbon. 
This  proved to be the compound C3Sz2, descr ibed by von Lengyel 20 
yea r s  ago in a l i t t le-noticed a r t i c l e  . Von Lengyel designated it as 
"tricarbonium-disulfide".  Since i n  a l l  r e spec t s  - formula,  external  
cha rac t e r i s t i c s ,  e a s e  of polymerization, and a l so  constitution - it 
co r re sponds  ( a s  we shal l  show here)  to  the carbon suboxide, C , O z ,  
discovered by Diels and Wolf, it i s  called for  prac t ica l  purposes  
"carbon subsulfide". 
an  a r c  light burn  for a few hours  between carbon e lec t rodes  in  the vapors  
of carbon disulfide (boiling and connected to a reflux condenser) .  
addition to solid carboniferous products ,  a r e d  solution was  formed 
which was t rea ted  for s eve ra l  days with copper shavings to  r emove  the 
sulfur.  Evaporation in  a dry  a i r  cur ren t  produced a r e d  liquid with 
a n  unbearably s h a r p  sme l l ,  able  to be disti l led a l m o s t  undisturbed 
in a vacuum at 6 0 " - 7 0 ° ,  and having a ve ry  low carbon disulfide content. 
This  liquid was  cha rac t e r i zed  by von Lengyel a s  C3S2,  through fa i r ly  
valid analyses  and by determination of the molecular  weight ( p e r f o r m e d  
by the freezing point method with benzene as solvent).  
repor ted  that ,  when combined with b romine ,  C3S2 can be t r ans fo rmed  
into a s table ,  solid,  yellow bromide,  C3SzBr6;  that  in f r e e  f o r m  it 
conver t s  very  quickly into black substances,  probably polymerization 
products ;  and he gave some o ther ,  qualitative data about the new 
m a t e r i a l ,  whose constitution he discussed,  but did not specify. 

Von Lengyel obtained carbon subsulfide by letting 

In 

He fur ther  

F o r  the continuation of our work on carbon te l lur ide we needed 
a m o r e  exact knowledge of carbon subsulfide. 
produced i t  in an ent i re ly  pure s ta te ;  tes ted different ways of producing 
it; specified cer ta in  constants of the pure preparat ion;  and w e r e  able  
to  prove,  through the smooth t ransi t ion of C3Sz combined with anil ine 
into the a l ready  famil iar  compound thiomalonic anil ide,  that  it is to  be 
understood as S:C:C: C:S ,  an anhydride of thiomalonic acid.  

On th is  occasion we 

C3S2 can be 'produced f r o m  carbon disulfide by var ious methods.  
Dilute carbon disulfide solutions a r e  always obtained, in  which in  
addition to C3S2,  changing quantities of impur i t ies ,  such a s  sulfur 
and perhaps also carbon polysulfides, a r e  to be found. These  
impur i t i e s  - which r e m a i n  behind when the solution is evaporated,  
while C3S2 evaporates  - can be removed by t reat ing the liquid with 

.b 

" 'Perhaps the penetrating odor of carbon te l lur ide is due only 
to this  impurity.  
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copper ,  and a l s o  by the m o r e  effect ive and much quicker method of 
shaking with mercury':, a l r eady  used by Lengyel. We de termined  
the carbon subsulfide content of the remaining pure  C3Sz solutions 
by evaporation with excess  bormine and weighing of the res idue ,  whose 
composition cor responds  to  the formula c3SzB1-6 (found: 82.0 percent  
B r ,  11. 3 percent  S ;  calculated: 82. 7 percent  B r ,  11. 1 percent  S). 
W e  sat isf ied ourse lves  time and again tha t  the conversion of c3sZ 
into the bormide proceeds quantitatively. 

The  production of the C3Sz solution according to von Lengyel is 
not a ve ry  pleasant  operation. 
pictured i n  von Lengyel ' s  report .  
we made  the s i ze  cor respond as  near ly  as  possible to the  drawing 
(400 c c m ,  flask over  it a spher ica l  continuation with a capacity of 
about 1 l i ter  for  the a r c  light). 

We used the appara tus  descr ibed  and 
Since measu remen t s  w e r e  not given, 

The  glass v e s s e l ,  which i s  great ly  heated by the a r c  light then 
cooledin spots by the carbon disulfide flowing back f r o m  the condenser ,  
soon broke,  
for  15 minutes (30 a m p e r e s ,  12 mm thick e l ec t rodes ) ,  was  0. 05 g to  
0 .09  g ,  according to  whether a sho r t e r  o r  longer a r c  light was  used. 
The  quantity of the  products fo rmed  bes ides  C3S2 (hereinaf ter  designated 
s imply as  " res idue")  had a r a t io  of 1. 6: 1 to that  of carbon subsulfide; 
i f  the  carbon disulfide s imply decomposed during the  reaction: 

The yield of C3Sz , af te r  the a r c  light had been burning 

(whereby the r e s idue  should be pure  su l fur ,  which, however ,  i s  not 
the case),  this  ra t io  would then be 1. 3: 1. 
his yields of pure  C3Sz. After  burning the a r c  (10-40 a m p e r e s )  for  
2-3 hours  and blowing air  over  the solution (which had been f i l tered 
and t rea ted  with copper ) ,  he  obtained 2-3  g of a l iquid,  which, however ,  
m u s t  still have contained much carbon disulfide. 

Von Lengyel does not give 

When we al lowedan a r c  light to burn  between 6 mm thick graphi te  
e lec t rodes  in  liquid carbon disulfide ( 1  10 vol ts  with r e s i s t ance ;  15 
a m p e r e s ;  350 c c m  CSz) ,  after a burning time of 28  hour s  1.25 g of 
c3sZ , i n  addition to many by-products ( so l id  black pa r t i c l e s ;  da rk  
brown solution) , w e r e  formed.  

- 
':'The copper  sulf ide fo rmed  f r o m  the copper  a l s o  d e c r e a s e s  the 

C3Sz  content of the solutions r a the r  quickly (see below). M e r c u r y  
causes  noticeable l o s s e s  only when the quantity of impur i t i e s  exceeds 
by far that of C 3 S z .  
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That  the formation of c3s2 i n  t hese  exper iments  i s  probably due 
t o  the dissociat ion of CSz by the heat and not t o  reduction by the carbon 
of the  e lec t rodes  i s  shown by the fact that C3Sz a l s o  f o r m s  when CS2 
vapor s  a r e  heated in  a s i l i ca  tube. We used a n  appara tus  similar to 
that  used in the a l r eady  f ami l i a r  production of diphenyl f r o m  benzene 
vapors .  P u r e s t  d r y  carbon disulfide boiled in  a f lask  in  a wa te r  bath;  
its vapor s  s t r e a m e d  through a n  empty silica tube heated to  800"-1200°C 
and  w e r e  condensed immedia te ly  thereaf te r  in  a condenser ;  the liquid 
flowed back into the  f lask.  
t he  heated portion of the silica tube black incrus ta t ions  se t t led  out; 
and in  the  co lder  portions f a r the r  back,  su l fur ,  polymerizat ion products  
of C3Sz, etc.  precipitated.  At  800°C no decomposition of the  carbon 
disulfide took place: 
Only toward 900°C did the  formation of C3S2 begin. 
i n  t empera tu re  affected the quantit ies of C3Sz and of the "residue" is 
shown by  the following table: 

A t  t he  higher exper imenta l  t e m p e r a t u r e s  in  

the condensed liquid remained  totally colorless 'k.  
How the  i n c r e a s e  

a )  at 900°C in 12 hours  0.24 g C3Sz and  0. 15 g "residue" (1:3.8)  

b)  at 1000°C in 12 hours  0 .3  g C3Sz and 0. 6 g "residue" (1:2.0) 

c )  at 1100°C in 12 hours  0 . 6  g C3Sz and  1. 55 g "residue" (1:2.6)  

d)  at 1200°C in 1 2  hours  0. 1 g C3S2 and 4 . 6  g "residue" (1:46) 

A s  s e e n ,  the b e s t  yields of C3Sz  w e r e  obtained at 1000"-11OO"C. 
A t  a higher t e m p e r a t u r e  m o r e  carbon disulfide is decomposed,  it is  
t r u e ,  but in  another  way. 
d e c r e a s e s  the  yield of C3S2. When we placed charcoa l ,  carefu l ly  
washed  and f i r s t  normal ized  in CSz vapor ,  i n  the s i l i ca  tube,  at 
t e m p e r a t u r e s  between 9 0 0 "  and 1100 "C we obtained no C3S2 a t  al l ,  
but i n  2l/2 hour s  over  5 g of "residue".  
C3S2 d e c r e a s e s  when the experiment  i s  continued with the s i l i ca  tube 
( ini t ia l ly  empty)  and  much ca rbon  has  been deposited in  the tube. 
we  repea ted  Exper iment  b) with the s i l i ca  tube a l r eady  used and not 
yet c leaned ,  we  obtained: 

The carbon precipi ta ted in  the  red-hot  tube 

In the  same way the  yield of 

When 

e)  at 1000°C in 12 hours  0.24 g C3Sz and 0 . 7  g "residue" (1:2.9) .  

.,, 
"-Arctowski ( s e e  the a r t i c l e  c i ted above) observed  a par t ia l  decom- 

posit ion of CS2 when he dis t i l led carbon disulfide 15 t i m e s  in a com-  
bust ion tube heated t o  600 "C. 
fo r  he a l s o  r e p o r t s  that  carbon disulfide is grea t ly  changed when heated 
in  a c losed  tube at 175"C, which does not occur  with pure  m a t e r i a l ,  
even at 200°C. 

He evidently used impure  carbon disulfide; 
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T h e  detr imental  effect of carbon a l s o  explains why no C3S2 is 
found in  industr ia l  r a w  carbon disulfide. 

In the p re sence  of me ta l s  which can  reduce  carbon disulfide below 
the formation of su l f ides ,  C3Sz f o r m s  a t  lower t empera tu res .  
s i l i ca  tube filled with i ron -wi re  s p i r a l s  was  used ,  the formation of ve ry  
pure  C3S2 could a l r eady  be  observed below 800°C. 
however,  because the i r o n  wi re  became coated with sulfide. In th i s  way 
we got the idea of producing C3S2 by atomizing meta ls  in  liquid carbon 
disulfide with the a r c  l ight ,  a p rocess  in which constantly renewed l a y e r s  
of the reducing metal can  ac t .  W e  thereby re turned  to the procedure  
which had first brought us in contact with c3s2. 

se t -up  was  the s a m e  for  all following experiments .  

When a 

It soon stopped, 

The experimental  

In a water-cooled,  300 c c m  f lask w e r e  200 c c m  of carbon 
disulfide,  containing two e lec t rodes ,  one above the o t h e r ,  whose under - 
neath p a r t s  w e r e  made  of graphi te  and whose movable upper p a r t s  
consis ted of a 5 -6  mm thick b a r  of the metal .  A stream of carbon 
dioxide prevented the ignition of the carbon disulfide by the s p a r k s  
springing occasionally f r o m  the electrodes.  
exper iments ,  which w e r e  a l l  begun with a c u r r e n t  of 5 a m p e r e s  ( 1 5  
volt t e rmina l  voltage),  var ied  according to  the speed with which the 
respec t ive  metal evaporated.  If this occu r red  eas i ly ,  we used  the 
me ta l  as  the cathode; o therwise ,  a s  the anode. The  process ing  of the 
solut ions,  which h e r e  contained only minimal quantit ies of " res idue" ,  
was  done a s  descr ibed  e a r l i e r .  

The  length of the individual 

Meta l  

a)  Bi 
b) Pb 
c) Sn 
d) Sb 
e )  Cd 
f )  Zn 
g) Sb + 7 ~ ' C  

Burning 
T i m e  
( m i n )  

15 
25 
18 
25 
60 
60 
60 

Metal  
Evapora ted  

(g) 

1 2 . 0  
12.5 

7.0 
7.0 
3.5 
0.8 
3.1 

Metal  
Evapora ted  

p e r  hour  
(g) 

48 
30 
23 
17 
3. 5 
0.8 
3.1 

c3sZ 

( m g )  

7 
12 
18 
16 
2 1  
32 

160 

c3s2 
p e r  g of 

E vapor at e d 
Meta l  
( m g )  

0. 6 
1.0 
2. 6 
2.3 
6. 0 

40 
50 

c3sZ 
p e r  hour  

( m g )  

28 
29 
60 
38 
2 1  
32 

160 
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In a l l  c a s e s  l a rge  quantit ies of metal  sulfide w e r e  formed,  which 
supports  the fact  that  c3s2 was  he re  produced by the reduction of 
carbon disulfide. 

Copper ,  i ron ,  and aluminum electrodes did not evaporate at a l l  
Arsenic  e lec t rodes  yielded abundant and produced a l m o s t  no c3sZ. 

c3s2, but at the s a m e  time much yellow a r s e n i c 3 ,  which contaminated 
the solution. 

Exper iments  a) to f )  show that the c3s2 yield is significantly 
dependent on the electrode meta l  and allow the observat ion,  among 
o t h e r s ,  that relat ively l i t t le  C3Sz (with relat ion t o  the use  of e lec t rodes)  
f o r m s  when the respect ive meta l  evaporates v e r y  quickly. Accordingly,  
the C3S2 yields r o s e ,  even in  the case of e lec t rodes  made  f r o m  eas i ly  
evaporated m e t a l s ,  when we ar t i f ic ia l ly  d e c r e a s e d  the i r  r a t e  of evapora-  
tion. 
these experiments  we used antimony, because  it was eas i e s t  to pulverize 
and  t o  mix with graphite.  
of anitmony with about 7-percent graphite,  as  in Exper iment  g) .  The  
yield (easi ly  r a i s e d  by increas ing  the cu r ren t )  is in this  ca se  so  high 
and attained in such a re la t ively short  t ime ,  that  the method presents  
i tself  as feasible for the prac t ica l  production of carbon subsulfide and 
was  exclusively used by us in the creat ion of our r a w  ma te r i a l  for the 
expe r imen t s  descr ibed  l a t e r  on. 
the e lec t rodes  burn  down too slowly. 

This  w a s  done by the addition a t  will  of graphi te  powder". F o r  

The mos t  C3S2 was  produced by electrodes 

With a l a r g e r  quantity of graphi te ,  

We obtained carbon subsulfide in the following way: 

40 g of powdered antimony (Kahlbaum, A .  G. )'":' , which has  
been sifted through s i lk ,  and 3 g of f inest  graphi te  powder (Acheson 
Graphi te  Co. , Niagara  Falls; "Polishing Lead' '  brand)  a r e  thoroughly 
mixed ,  kneaded with 4 c c m  sugar solution ( 1 :  l ) ,  and p res sed  in  a 
lightly oiled s t ee l  cylinder with a tightly fitting screw-actuated 
plunger to an electrode 12 mm thick and 6-8 c m  long. 
i n  a l a rge  la the,  leaving the electrode in the f o r m  for s eve ra l  hours  
and rais ing the p r e s s u r e  f r o m  t ime to t ime ;  m o s t  of the sugar  
solution is in this way squeezed out. The highly breakable  e lectrode 
is p res sed  careful ly  out of the fo rm,  dr ied  for 12 hours  in a vacuum 
des icca tor  over  phosphorous pentoxide, and then heated for a few 
hours  t ime  in a carbon dioxide s t r e a m  to  about 360°C. 

We did this 

It i s  now 

"Whether the graphite powder itself favors  the formation of C3S2, 
and  t o  what extent,  cannot be determined a t  this  t ime. 

--The antimony m u s t  be f ree  of a r s e n i c ,  otherwise yellow a r sen ic  
wil l  f o r m  l a t e r .  

.I. J. 
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ready for  u s e  and f a i r ly  res i s tan t .  
e lectrodes a re  eas i ly  produced. 

With a l i t t le  prac t ice  , f lawless  

750 c c m  of pu re  carbon disulfide (shaken with m e r c u r y  and 
phosphorous pentoxide and disti l led) a r e  placed in  a 1 liter round- 
bottom f lask which is cooled by running wa te r ,  including the neck. 
A stopper with th ree  holes - for  a carbon dioxide supply tube and 
for the approximately 6 mm thick b r a s s  suspension w i r e s  of the 
two electrodes - is s e t  loosely into the neck. 
of a smal l  graphi te  cy l inder ,  about 1 c m  high and a t  l e a s t  1'/2 c m  
in  diameterhk; it is  held on its underside by the b r a s s  w i r e ,  bent 
twice at r ight  angles ,  c lose  over the  bottom of the flask.  
i s  the antimony-graphite anode; i t  is held in a b r a s s  casing fastened 
to  the end of the suspension wire .  
friction through a b r a s s  tube in  the s topper ,  s o  that the anode can  
be  easily r a i s e d  and lowered. 

The cathode cons is t s  

Above it 

The w i r e  glides with l i t t le  

Power supply: 110 volts with r e s i s t ance ;  Curren t :  10- 15 a m p e r e s ;  
Te rmina l  voltage during the experiment:  approximately 30 volts.  

A s  carbon dioxide is  slowly fed in ,  the two e lec t rodes  ar'e brought 
into contact and then drawn a l i t t le a p a r t ,  so  that a n  a r c  light is formed.  
The liquid is soon made  opaque by atomized antimony and carbon. The 
proper  functioning of the a r c  light can then be seen  f r o m  the a m p m e t e r ,  
whose deflection should r ema in  10-20 percent  below the max imum 
observed  during a shor t  c i rcui t .  
the  appara tus  will opera te  for minutes  without supervis ion.  
time, antimony globules often col lect  on the graphi te  e lec t rode ,  as  can  
be  seen  by removing the s topper  together with the e lec t rodes ;  these  can 
be made  t o  disappear  by t e m p o r a r y  r e v e r s a l  of polarity.  One c m  of 
e lec t rode  burns  away in  ' /z hour ,  so  that  the anode is used  up in about 
3 hours  . 

If the cooling water  is cold enough, 
Af te r  a 

The very  sha rp - sme l l ing ,  b rownish- red  liquid is dra ined  off and 
f i l t e red  and, then a f t e r  the remaining black ooze,  which is in te rmixed  
with tiny metal l ic  ant imony globules , has  been washed out with carbon 
disulfide,  shaken for  a n  hour with about 200 g of m e r c u r y  and some  
phosphorous pentoxide. The  f i l t ra te  is reduced  in  a wa te r  bath to 100 
ccm and is now a pu re ,  approximately 1-percent solution of C 3 S 2 ,  which 
can  be  s tored in  a da rk  place for weeks without decomposing. 
concentration can  be exactly de te rmined  by evaporat ion with bromine  
(see above). 

I t s  

'"'It is important  that  its d iameter  be  larger  than tha t  of the anode,  
s o  that  the la t te r  will burn  away evenly. 
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T h e  dilute C3S2 solutions obtained by the von Lengyel p r o c e s s  o r  by 
overheating carbon disulfide vapors  i n  a s i l i ca  tube can  be  t r ea t ed  in  
the s a m e  way. Because  of t h e i r  higher "residue" content,  however ,  they 
should be shaken longer and with m o r e  m e r c u r y .  It is recommended 
that  the  greater pa r t  of the impur i t ies  first be removed by s e v e r a l  days  
contact with copper  w i r e  net.  

To isolate  pure  carbon subsulfide,  the  1-percent solution is shaken 
once m o r e  with a small amount  of m e r c u r y  and phosphorous pentoxide 
and reduced in  the wa te r  bath t o  about / 5 ,  then in  the vacuum of a wa te r -  
j e t  pump at r o o m  tempera tu re  until the carbon disulfide is removed.  
The  remain ing  r e d  liquid is  dis t i l led in  a high vacuum in a well-cooled 
condenser .  We evacuated with a Gaede m e r c u r i a l  air pump and cooled 
the condenser  with indus t r ia l  liquid ammonia (about -40 "C). 
subsulfide condenses  in  the  condenser  to  an  a l m o s t  quantitative yield 
of a solid,  yel lowish-red subs tance ,  which melts at r o o m  t empera tu re  
t o  a glowing r e d ,  highly r e f r ac t ive  liquid. Produced  in  th i s  way, it is 
of a puri ty  a t ta inable  with few substances.  
of the  exact ly  coinciding p r e s s u r e s  and melting points of the var ious 
prepara t ions .  
quantit ies w e r e  polymerized in  c losed,  evacuated v e s s e l s ,  the  p r e s s u r e  
after which all C3Sz was  converted was exactly z e r o  ( s e e  below). 

1 

The ca rbon  

This  was  a r e s u l t  especial ly  

It was  en t i re ly  f r e e  of carbon disulfide; for when l a rge  

0. 1679 g substance: 0.2214 g COz, 0.0025 g HzO. 
0. 1272 g substance: 
0. 1252 g substance: 
C3Sz. Calculated: C 36.0, S 64.0, H - . 

0.5937 g BaS04; 
0.5854 g BaS04. 

Found: C 36.0, S 64.1, 64.3, H 0 . 1 7 .  

Definition of molecular  weight: 0.2917 g substance: 14. 32 g CSz 
solution; i n c r e a s e  in  boiling point: 0.46"C. Found: M 106. 3 (Theore t -  
i c a l  Molecular  wt.: 100. 1). 

Definition of vapor density.  We filled a n  approximately 200 c c m  
evacuated flask at 60°C with sa tura ted  C3Sz vapor ;  mel ted  it away 
f r o m  the feed appa ra tus  with a shor t  m e r c u r y  gauge and a f lask with 
a small tube at tached;  heated it together with gauge, etc. to about 
70 "C; m e a s u r e d  p r e s s u r e  and tempera ture ;  and subsequently de t e r -  
mined  the  quantity of the  C3Sz contained in  the  f lask  by cooling the 
a t tached  tube in  liquid a i r ,  so  that  all  of the c3sZ in it condensed; 
m e l t e d  off, weighed, opened, purified of C3Sz, and  weighed again 
empty.  197.3 c c m ,  70.5 "C, 12.5 rnm, 0.0124 g substance.  

Found: D = 53. 5 (Theoret ical  density: 50. 0). 
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Density (by the  suspension method i n  CaClz solution) at 15 "C: 
Melting point: -0. 5 "C. 
Vapor p r e s s u r e s :  at 20 30 40 50 60 70 80 90°C 

1. 3 19". 

1 2 4 8 13 21 32 48 mm. 

Melting point and vapor p r e s s u r e s  of prepara t ions  produced in  
Above 90°C different  ways w e r e  found to be completely the same .  

the p r e s s u r e s  could not be de te rmined  because  of the  tendency of the  
substance to decompose. 
subsulfide evapora tes  r a t h e r  quickly when exposed to  air  at r o o m  
tempera ture .  

With its p r e s s u r e  of about 1 mm, carbon 

C3S2 rema ins  unchanged when mixed with carbon disulfide and 
benzene. 
t ime.  
When grea t ly  diluted they a r e  sa lmon-colored;  s t ronge r  concentrat ions 
a r e  yellowish-brown. 
the spec t rum to 540 p,p, and weak light f r o m  435-415 pp, through; the 
0.1-percent solution shows a wide band of absorp t ion  in  the g reen  and 
blue portions between 530 and 455 p,p. 
percent ,  the solutions a r e  quite s tab le  when kept  in  the  da rk ;  with a 
higher  content, they gradual ly  precipi ta te  black subs t ances ,  po lymer iza-  
tion products of C3S2. 
to  sunlight. It is  difficult t o  decompose all of the C3Sz i n  th i s  way, 
because  of da rk  color  of the  solution and the black c r u s t s  which f o r m  
on the s ides  of the v e s s e l  hinder any fu r the r  effect  of the light. On 
the other  hand, heating the carbon disulfide solution t o  200°C b r ings  
about complete separa t ion  of everything tha t  was  dissolved.  Meta l l ic  
copper and m e r c u r y  r e m a i n  clean in  carbon disulfide solutions of C3S2. 
The sulfides which a r e  formed f r o m  both m e t a l s  i n  solutions of su l fu r  
i n  carbon disulfide e x t r a c t  the C3Sz f r o m  the carbon disulfide solut ions,  
as  a l r eady  mentioned. This  o c c u r s  r a t h e r  quickly with copper ,  far 
m o r e  slowly with mercu ry .  The weight of the  copper  sulf ide,  which 
we used to  study the phenomenon m o r e  c lose ly ,  i n c r e a s e s  by tha t  of 
the  C3S2 los t .  Apparent ly ,  a slow addition reac t ion  t akes  place between 
c3sZ and the sulfide. 
shor t ly  to  be d iscussed;  for the end produce of tha t  p r o c e s s  is not 
a l t e r e d  by chlor ine in  a watery  solution, while the subs tance  f o r m e d  by 
C3sZ and copper sulf ide i s  eas i ly  oxidized with such  a solution. 

A solution in  alcohol decomposes a f t e r  standing for a s h o r t  
We invest igated the carbon disulfide solutions m o r e  careful ly .  

The  1-percent solution l e t s  the r e d  portion of  

With a C3S2 content up to 1 

The  dilute solutions do the s a m e  when exposed 

It is not a m a t t e r  of polymerizat ion of the c3s2, 

I 

'"The value of 1.27389 published by V. Lengyel  m u s t  be based  on 
a n  e r r o r .  It approaches  the density of  ca rbon  disulfide (1.27)  s o  
n e a r l y ,  that it cannot be explained by the  contaminat ion of the C3Sz 
with CS2. 

8 



Especial ly  s t r ik ing  is a cha rac t e r i s t i c  of C3S2 a l r eady  s tudied by  

A t  r o o m  t empera tu re  pu re  C3Sz shows the  
von Lengyel: that  of spontaneous polymerization into carbon-l ike,  non- 
volatile black substances.  
beginning of this  spontaneous decomposition only after a few h o u r s ,  by 
turning da rk  and cloudy. 
into the solid black mass. 
disulfide f o r m s  in  the p rocess .  With pure  C3S2, however ,  th i s  is not 
the c a s e .  When heated long enough i n  evacuated v e s s e l s ,  the p r e s s u r e  
(which was  at f i r s t ,  for example,  48 mm at 90°C) r e t u r n s  gradual ly  t o  
zero .  Even t r a c e s  of carbon disulfide would make  themse lves  noticeable 
through continuing p r e s s u r e .  
as  a v e r y  s imple  method of determining the quantit ies of C3Sz still 
present  at any  one t ime  and f r o m  that its r a t e  of decomposition. 
conducted two such expe r imen t s ,  using vesse l s  whose r a t io s  of su r face  
t o  volume w e r e  v e r y  different.  
U-tube 4 mm wide and  4 c c m  in volume; the other  (11) of a globe 300 c c m  
in volume. The su r face  areas as re la ted  t o  the unit of volume had a 
r a t io  for  I and I1 of 13: 1. 
We observed  the following p r e s s u r e s ,  furnished with the  n e c e s s a r y  
ad jus tments  : 

At 100°C it changes in  only a few minutes  
Von Lengyel thought that  s o m e  carbon 

The measu remen t  of p r e s s u r e  s e r v e s  

We 

One (Exper iment  I )  cons is ted  of a 

Tempera tu re  for the exper iment  was  90°C. 

I. Time in minutes: 0 5 10 15 2 0  25 3 0  45 65 O0 

Pressu re  i n m m :  42.3 27.0 18.5 13.3 10.2 8. 1 6.5 3.6 1.6 0. 

11. Time inminutes:  0 5 20 35 65 95 125 215 305 425 545 985 O0 

Pressurein- :  42.3 40.0 35.8 32.0 26 .8  22.6 19.8 13.6 10.0 7.0 4.6 2.0 0. 

The r a t e s  of decomposition at the beginning have r a t io s  for  I and I1 
1 

of c lose  to  13: 1 ( d e c r e a s e  in  p r e s s u r e  of 15 /z mm for  I in 5 minutes ,  
for  I1 in  65 minutes ) ;  they a r e  therefore  proportional to the r a t io s  of 
v e s s e l  su r f ace  a r e a  to unit of volume, i. e., the  deciding p rocess  takes  
place on the s ides  of the ves se l .  The cour se  of the  decomposition is 
not de te rmined  by adsorp t ion4 ,  as would at first be  thought m o s t  
probable  under these  c i rcumstances .  In that  c a s e ,  the react ion velocity 
would i n c r e a s e  with the d e c r e a s e  i n  c3sZ concentrat ion,  while in  fact  
it becomes  sma l l e r .  
to  that  of a bimolecular  reac t ion ,  a s  the  approaching constancy of the 
va lues  calculated f r o m  Exper iment  11, using the equation 

The nature  of the react ion co r re sponds  far m o r e  

X 
k =  

t a ( a  - x) 

(x is  the quantity decomposed according to the  time, t) shows: 
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X k l o4  - t 

0 0 
5 0. 05 105 

20 0. 15 90 
35 0.24 90  
65 0.35 90 
95 0.47 93 

- X k lo4 - t - 
125 0.53 90 
2 15 0. 68 99 
305 0.76 104 
42 5 0.84 122 
545 0 .89  148 

The nature  of the react ion for  I lies between that of a mono- and 
that of a dimolecular reaction. 
however,  the change in sur face  a r e a  caused by the rapid separat ion 
of the polymerization product mus t  h e r e  have a disrupting effect. 

Given the small volume of the v e s s e l ,  

One of the possible explanations fo r  the cour se  of th i s  react ion 
would be i n  the assumption tha t  2 molecules  of C3Sz first  r e a c t  with 
one another in the vapor and that the condensation product formed by 
t h e m  polymerizes  on the s ide of the ves se l  t o  the solid black substance,  
which apparently has a high molecular  weight. 

This  black substance is not a l t e r e d  by wa te r ,  soda lye ,  hydrochlor ic  
ac id ,  or chlorine water .  Heated in a vacuum, it decomposes for  the 
mos t  pa r t  into carbon disulfide and ,  a t  dull r e d  hea t ,  a s table  carbon-  
l ike res idue ,  which still contains l a r g e  quantit ies of sulfur ( a n  ana lys i s  
showed 39 percent).  
behavior of carbon suboxide polymerization products . 

This  decomposition cor responds  ent i re ly  t o  the 
5 

L 

Carbon subsulfide r e a c t s  ve ry  eas i ly  with anil ine according to the 
equation: 

and yields thiomalonic anil ide,  produced by R e i s s e r t  f r o m  malonic  
anilide and phosphorous pentasulfide . 6 

Ten  c c m  of a 5-percent  solution of f resh ly-made  C ~ S Z  benzene 
w e r e  mixed with 10. 1 c c m  of a 9. 3 -percent  benzene-aniline solution - 
that  i s ,  with a somewhat g rea t e r  quantity of anil ine than tha t  specif ied 
by the above equation. 
smell of the C3S2, and hardened to  a pas te  of c r y s t a l  needles'::. 
mother  liquor gradually turned d a r k  r e d .  

The  mixture  became  heated,  l o s t  the s h a r p  
The  

We diluted it with 40 ccrn 

&'The yield of c r y s t a l s  is  much lower when dilute solutions a r e  
mixed. Secondary react ions a r e  then dominant. 
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of benzene and,  after letting it stand in  the cold for  '/4 of an  hour ,  
f i l t e red  out the c r y s t a l s .  The amount of the light brown c r y s t a l s ,  
washed with a little benzene and dr ied ,  c a m e  to  1. 1 g (calculated for  
thiomalonic anilide: 1.4 g). The substance w a s  again crystal l ized 
f r o m  60 c c m  of benzene. 
which mel ted  at 150"- 151 "C to  a red  liquid and did not change the i r  
melting point a f t e r  recrystal l izat ion f r o m  alcohol. 
melting point of 149°C for  thiomalonic anilide. The  analysis  of our  
substance corresponded exactly to  thiomalonic anilide. 

Yield: 0.85 g of yellowish, mat ted needles ,  

R e i s s e r t  gives a 

0.1539 g substance: 0.3571 g C 0 2 ,  0.0688 g HzO. 
0. 1511 g substance: 12.7 c c m  N (18"C,  743 mm). 
0.  1070 g substance: 

C1,H1, N,S,. 

0. 1736 g BaSO, 

Calculated: C 62. 9 ,  H 5 . 0 ,  N 9 .8 ,  S 22.4 
Found: C 6 3 . 3 ,  H 5 . 0 ,  N 9 . 6 ,  S 2 2 . 3 .  

That  our preparat ion is  identical with tha t  of R e i s s e r t  is not t o  
Since the constitution of the latter is ce r t a in ,  a c lose  b e  doubted. 

connection between carbon subsulfide and malonic  ac id  is  thereby 
indicated. The re fo re ,  C3 S2 corresponds in  its s t r u c t u r e  to  carbon 
suboxide, which it a l s o  strikingly r e sembles  in  its unbearably s h a r p  
smell and its tendency to  polymerization. 
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